Background: Live birth rates for in-vitro fertilization (IVF) and IVF with intracytoplasmic
INTRODUCTION
unprotected intercourse without achieving a pregnancy. (1) In such cases, subfertility is evaluated by means of a medical work-up of both partners, to determine whether couples have an indication for assisted reproductive technology (ART). Common causes of subfertility include ovulatory disorders, tubal disease and sperm abnormalities. In nearly one third of all cases, subfertility remains unexplained after such evaluation. (1) example, couples with unexplained subfertility may still have a good chance of conceivunder-and overtreatment, the decision whether to wait or to start treatment requires careful consideration. Commonly used ART procedures are in-vitro fertilization (IVF) and IVF with intracytoplasmic sperm injection (IVF-ICSI). These procedures are invasive, costly and do not guarantee a pregnancy. An IVF or IVF-ICSI cycle consists of several different phases, and at each phase there is a chance if it is not successfully completed the procedure will not lead to a number of follicles develop, mature oocytes are retrieved by means of transvaginal puncture.
During the in-vitro phase the oocytes are inseminated with sperm to allow spontaneous fertilization. In IVF-ICSI treatment, oocytes are injected with a single sperm cell due to insufquality, one or two will be selected for embryo transfer (ET). The remaining embryos might 7 146 CHAPTER 7 be cryopreserved for transfer at a later time. A complete treatment cycle includes all embryo transfers -both fresh and frozen-thawed embryos -arising from one cycle of hormonal stimulation of the ovaries.
After transfer, the embryo has to implant into the endometrium to ensure a subsequent transfer. Currently, it is hard to predict who will and who will not have a chance of successful embryo implantation. If unsuccessful embryo implantation could be predicted prior to the start of treatment, an invasive IVF or IVF-ICSI treatment -with the accompanying physical, Over the last decade, research has shown that besides the known factors used in prediction models such as female age, sperm quality and antral follicle count, outcome of assisted reproduction might also be affected by the microorganisms of the urogenital tract. (4, 11, 12) , whereas bacterial vaginosis is associated with poorer results. (13, 14) The use of the vaginal microbiome as a predictor for ART outcome has not yet been investigated. We aimed to answer the following questions: First, is the presence or absence of certain vaginal bacteria associated with failure or success to become pregnant after an IVF or IVF-ICSI treatment? Second, can the composition of the vaginal microbiome be used as an independent predictor for IVF or IVF-ICSI outcome prior to treatment?
To answer these questions, we prospectively collected vaginal samples from subfertile women prior to their IVF or IVF-ICSI treatment and recorded their IVF or IVF-ICSI outcome and analysed the vaginal microbiome to determine its potential predictive value for IVF or prospective exploratory study and externally validated in a clinic outside the Netherlands.
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MATERIALS AND METHODS
Two separate prospective studies were performed. First, a cohort of women from eight IVF centres in the Netherlands was used to build a prediction model for IVF and IVF-ICSI outcome of fresh ET. This model was based on a small number of vaginal bacterial species analysed by IS-pro technique. The material and methods used in this study cohort have been described previously in chapter 6. Finally, this model was externally validated in a second study cohort in the Dutch division of the MVZ VivaNeo Kinderwunschzentrum Düsseldorf GmbH, Düsseldorf, Germany. All women that presented for IVF or IVF-ICSI treatment, regardless of cycle number or diagnosis were included sequentially over the period from March 2018 to May 2018 as part of a routine workup.
The study sponsors had no involvement in study design, collection, analysis, and interpretation of the data, in the writing of the report, and in the decision to submit the paper for publication.
RESULTS
Characteristics of the participants
In total, 303 women were included with the intention to provide a vaginal swab for bacterial were excluded by not completing the questionnaire, and three samples of women were inclusion and exclusion criteria: the use of more than three weeks hormonal contraceptives prior to the start of the IVF or IVF-ICSI treatment (n=5), and miscarriage in medical history (n=1). Retrospectively, 14 women collected the sample more than two months prior to the ET and for this reason these women were excluded as well from further analysis. Hence, 26 women in total were not included due to either protocol violations or selection errors. Of the remaining 277 women, 85 women dropped out due to the fact that there were no for this are summarised in Supplementary table 1. Finally, data of IVF or IVF-ICSI outcome after the fresh ET was available for 192 women. There were no differences in baseline characteristics between women that were excluded compared to those that were included, divided the population in two groups, 67 women that became pregnant and 125 who did not. Table 1 summarizes the baseline characteristics of these two groups.
Univariate analysis
Univariate analyses showed that there were no statistical differences between the two groups of pregnant women versus non-pregnant women ( The analyses for species content and microbial diversity per phylum showed that the absence or presence of certain bacterial species was correlated with a higher chance of not getting pregnant. A relative low load of Lactobacillus or a high load of Proteobacteria or high load of Lactobacillus jensenii were correlated with failure to become pregnant. We found that Gardnerella vaginalis of these IS-types was correlated with low pregnancy rate, namely IS-pro type 1 (IST1). For certain bacterial groups, there was no clear correlation between individual members of the groups, however there was a correlation between the diversity of these groups and failure to achieve a pregnancy. These combined observations resulted in a predictive algorithm for failure to become pregnant with the following parameters: relative Lactobacillus load
Lactobacillus jensenii >35%, presence of Gardnerella vaginalis IST1,
or Proteobacteria >28% of total bacterial load. This microbiome composition is referred to 152 CHAPTER 7 
Multivariate analysis
We performed logistic regression analysis with failure to become pregnant as the dependent infertility as covariates. Twelve women with missing variables were excluded from the analysis.
External validation
We validated the predictive model as described above in an external cohort of 50 women. Lactobacillus species in ART has been described in a number of recent studies. For example, the recovery of Lactobacilli from the vagina and the embryo transfer catheter has been associated with an increase in live-birth rate after ART.(4) A detrimental effect on pregnancy rate of non-Lactobacillus bacterial species has also been described. Studies using culture-dependent techniques and qPCR tests showed lower clinical pregnancy rates(6, 16), ongoing pregnancy rates(7) and implantation rates (7, 8) Eurostars VALBIOME grant (reference number: 8884).
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